Exploitative competition through resource utilization may occur between coyotes (Canis latrans) and other carnivores. In the southern periphery of Canada lynx (Lynx canadensis) range, there is concern that increased snowmobile activity may enable coyotes to increase their movements into deep snow areas during the winter months, thereby potentially creating heightened resource competition with lynx, mainly for the lynx's main prey, snowshoe hares (Lepus americanus). We studied the seasonal variation of coyote diets and the dietary overlap between coyotes and lynx in a 512-km 2 high-elevation study area in northwestern Wyoming. Dietary shifts by coyotes were documented during the winter, spring, summer, and fall from August 2006 through June 2008. Although lynx are known to primarily prey on snowshoe hares, lynx scats were also collected to assess their diet for comparative purposes. A total of 470 coyote scats and 24 lynx scats were collected, dried and analyzed. Mule deer (Odocoileus hemionus) was the predominant prey item for coyotes by percent occurrence (20.1%) for all 3 years combined, followed by elk (Cervus elaphus, 12.5%), montane vole (Microtus montanus, 12.0%), and snowshoe hare (8.0%). Snowshoe hares were the dominant prey item for lynx during the winter, accounting for 85.2% of all prey occurrences. Coyote use of snowshoe hares peaked in the fall (24.1% of all occurrences). We found little dietary overlap between coyotes and lynx during the winter months when lynx mainly fed on snowshoe hares and coyotes fed mostly on ungulates.
Introduction
Canada lynx (Lynx canadensis) were listed under the Endangered Species Act due to a lack of adequate management plans incorporating monitoring and research to identify potential factors influencing their viability and protection of critical habitats (Ruediger et al. 2000) . One of the key research needs for lynx management was an understanding of community interactions and how various predator species may compete with lynx for resources. Ruggiero et al. (2000) reported the number of generalist predators competing with lynx increased from the northern to southern part of their range. Coyotes (Canis latrans) have been recognized as a potential competitor with lynx , Ruediger et al. 2000 . Not only are coyotes highly adaptable, but they can thrive in human-dominated landscapes (Toweill and Anthony 1988, Morey et al. 2007 ) and demonstrate behavioral flexibility in their diet (Patterson et al. 1998, Bartel and Knowlton 2004) . One way to gain insight into what role coyotes play in an ecosystem is to document their food habits in a given environment (Bartel and Knowlton 2004) . Because recent findings indicate humans may be facilitating coyote access to habitats used by lynx via increased winter recreation , Bunnell et al. 2006 , biologists have become increasingly concerned with interactions between coyotes and lynx.
Coyotes and lynx are sympatric in areas of Canada and the United States. In the southern periphery of lynx distribution, coyote populations have remained stable or increased while lynx numbers have declined . These sympatric predators have coexisted because morphological differences allow them to occupy separate niches within an ecosystem and utilize different resources (Krebs 1978) . In the past, coyotes and lynx in many regions of North America have occupied different habitats during winter due to the inability of coyotes to travel and effectively hunt in deep snow (Murray and Boutin 1991 , Litvaitis 1992 , Crete and Lariviere 2003 . With increased popularity of winter recreation (particularly snowmobiling), access to some deep snow landscapes have been altered. Studies conducted on southern lynx populations have found coyotes are not only using snow-compacted trails, but establishing themselves year-round in areas they previously used only seasonally (Murray and Boutin 1991 , Koehler and Aubry 1994 , Murray et al. 1995 , Lewis and Wenger 1998 , Bunnell et al. 2006 . In these areas, snowmobile activity and trail systems managed for winter recreation have created travel networks for coyotes (Bunnell et al. 2006 ), leading to a potential breakdown of spatial segregation between coyotes and lynx.
Competition between coyotes and lynx occurs via exploitation competition, interference competition, or both. Exploitation competition between coyotes and lynx may be documented in an overlap of coyote and lynx diets. Several studies (e.g., Todd et al. 1981 , Parker 1986 , Murray et al. 1994 , O'Donoghue et al. 1998 , Patterson et al. 1998 ) have identified snowshoe hares (Lepus americanus) as a major component of coyote winter diets in North America. O'Donoghue et al. (1997) found lynx were more abundant where coyotes were less dense, rather than where hares were denser, suggesting interactions with coyotes may be more of a limiting factor for lynx population size than the availability of snowshoe hares. Litvaitis and Harrison (1989) found in areas where coyote populations were increasing, they were reducing the prey availability for subordinate species, therefore reducing carrying capacity for those species.
Although exploitation competition between coyotes and lynx may be a concern during the fall , Kolbe et al. 2007 ) and winter (Ozoga and Harger 1966 , Murray et al. 1995 , Bunnell et al. 2006 , few studies have conducted multi-seasonal dietary analyses to determine the variation of coyote diets in high elevation areas with winter recreation. Furthermore, no studies have assessed variations in seasonal coyote diets within habitats used by lynx near the southern periphery of their range, aside from winter analyses conducted in western Montana (Kolbe et al. 2007) . Where southern populations persist, lynx and snowshoe hares have been reported as scarce and patchily distributed (Murie 1940 , Hodges 2000 , Squires and Laurion 2000 , as well as susceptible to generalist predators because of habitat alteration and increased fragmentation .
Our objective was to determine the seasonal variation, dietary diversity, and dietary overlap of coyotes and lynx in high elevation terrain in northwestern Wyoming. A secondary objective was to identify during which seasons dietary overlap was occurring and, for coyote diets, determine whether specific prey items were correlated with snow depth. We hypothesized coyote diets would reflect a generalist nature during all seasons with greater dietary diversity occurring during the spring and summer when more prey species were available. We further hypothesized that if snowshoe hares occurred in coyote diets, they would peak in the fall and winter when other prey items were less available. Similar to studies conducted in the northern part of their range, we hypothesized lynx diets would consist primarily of snowshoe hares with a small component of other small mammals, such as red squirrel (Tamiansciurus hudsonicus) and dietary diversity of lynx would increase during the spring and summer.
Study Area
We conducted this study on the east and west sides of Togwotee Pass in northwestern Wyoming. The 512-km 2 study area was characterized by extensive recreational trails and roads maintained year-round. The area was composed of the Bridger-Teton and Shoshone National Forests, plus some large, privately-owned ranches. Elevations ranged from 1800 m to >3600 m. The area was characterized by short, cool summers (mean temperature of 12°C) and long winters (mean temperature of -8°C). Precipitation occurred mostly as snow, and mean maximum snow depths ranged from 100 cm at lower elevations to >245 cm at intermediate elevations (2000 -2400 m). Cumulative monthly snow depth for the winter study season (December-April) averaged 226.6, 149.4, and 228.9 cm during 2006 , respectively (Natural Resources Conservation Service 2008 , and a few whitetailed deer (O. virginianus). Pronghorn antelope (Antilocapra americana) were in the study area during the snow-free season on the east side of the pass. Small mammals comprising the potential prey base were snowshoe hares, red squirrels, Uinta ground squirrels (Spermophilus armatus), black-tailed jackrabbits (Lepus californicus), cottontail rabbits (Sylvilagus spp.), ruffed grouse (Bonasa umbellus), blue grouse (Dendragapus obscurus), northern flying squirrels (Glaucomys sabrinus), deer mouse (Peromyscus maniculatus), voles (Microtus spp.), gophers (Thomomys spp.), and various cricetid species.
Methods
We collected coyote scats opportunistically while backtracking radio-collared individuals (Dowd 2010) , and along designated routes surveyed every 2 weeks from August 2006 through June 2008. Scat collection routes encompassed approximately 45 km of roads and trails that were surveyed by walking, or driving. During the initial collection, only fresh scats were collected to ensure analysis would reflect seasonal prey consumption during a known time period, while old scats were cleared from the route to ensure they would not be collected at a later date. Because several predator species with similar fecal characteristics were present in the study area, only samples that measured 1-3.5 cm in diameter and 12.7-33 cm in length, and could positively be identified as coyote scat using track and sign criteria (Elbroch 2003) were collected. If there was any question by field personnel regarding species identification for a given scat, that scat was excluded from analysis.
Lynx scats were collected only during the winter months from October 2005 through April 2008. Scats were collected opportunistically while backtracking individuals later confirmed to be lynx through DNA analysis (McKelvey et al. 2006 ). Because of their scarcity, lynx scats were rarely detected during the spring, summer and fall without snow cover for tracking or other sign to confirm their presence. All lynx scats were collected in the same spatial area as the coyote scats, and were collected and analyzed using the same procedures for coyotes.
All scats were labeled with a reference number, date and Universal Transverse Mercator (UTM) location, then air dried, separated and analyzed by hand. Prey species were identified using reference guides for bone fragments and hair identification (Adorjan and Kolenosky 1969 , Moore et al. 1974 , Elbroch 2006 . Prey items were estimated by volume to the nearest 10%, with items < 10% being excluded from analysis to avoid overestimation of small prey items (Martin et al. 1946, Weaver and Hoffman 1979) . Results of scat analyses were presented as frequency of occurrence and percent occurrence (Kelly 1991) .
Scats were sorted by season and year to determine variations in prey occurrence for coyotes. Seasons were defined as spring (1 Apr-30 Jun), summer (1 Jul-31 Aug), fall (1 Sep-30 Nov), and winter (1 Dec-31 Mar). Scats were not collected during all 4 seasons each year, but were collected for 2-3 seasons per year over the course of 3 years. Horn's similarity index (Horn 1966 ) determined dietary overlap between coyotes and lynx. The Shannon diversity index (Colwell and Futuyma 1971) was used to estimate dietary diversity of coyotes and lynx. A Student's t-test was used to compare differences in diversity by season between the two species.
We examined the variation of the main prey items (ungulates, rodents, snowshoe hare, whitebark pine seeds) in the coyote's diet in relation to snow depth using regression analysis for all months with available snow depth data. Snow depth data used for analyses was obtained from the BridgerTeton National Forest, Backcountry Avalanche Hazard and Weather Forecast historical weather data (U.S. Forest Service 2008). Accumulated daily snow depths were averaged for each month.
Results
We collected 470 coyote scats throughout the study area (winter: 224, spring: 103, summer: 92, fall: 50). We collected 24 lynx scats from 5 individuals near Togwotee Pass while conducting snow tracking during winter. All prey items found in lynx scats were also found in coyote scats (snowshoe hare, grass, red squirrel, coyote hair). For all 3 years combined, mule deer was the predominant prey item by percent occurrence (20.1%) in coyote scats, followed by elk (12.5%), montane vole (12.0%), and snowshoe hare (8.0%). Occurrence of ungulates peaked in the winter (56.3% of all winter prey occurrences) and spring (44.9% of all spring prey occurrences). Occurrence of rodents peaked in the summer (69.4%) while lagomorphs, mainly snowshoe hare, peaked in the fall (24.7%) and spring (9.5%). Percent occurrence of snowshoe hare was highest during the fall (22.1% of all fall occurrences) and least during the winter (3.5% of all winter prey occurrence). Red squirrel was primarily found during the summer (11.6% of all summer occurrences) and winter (7.3% of all winter occurrences) ( Table 1) Of all winter food items, mule deer occurred most frequently, followed by whitebark pine seeds (15%), elk (14.6%), moose (10.8%), red squirrels (7.3%), voles (5.4%) and snowshoe hares (3.5%). Dietary diversity for coyotes was highest during spring, followed by the fall, winter, and then summer (Table 1) .
Of 24 lynx scats, there were a total of 27 prey occurrences. Snowshoe hares accounted for the majority of prey occurrences (85.2%), followed by grass (7.4%), red squirrels (3.7%), and coyote (3.7%). Horn's similarity index did not show significant dietary overlap between coyote and lynx diets during the winter (Table 2) . Without a sufficient number of scats collected during the fall months for lynx, we were not able compare the diet between the two species during the fall season. However, we hypothesize that the greatest potential for overlap would have occurred during the fall when occurrence of snowshoe hare peaked for coyotes, and secondarily during the spring when coyotes were still persisting in high elevation terrain but snow was limiting the prey species available. When comparing dietary diversity, coyotes showed a significantly greater dietary diversity than lynx during the winter (t = 2.84, df = 210.62, P = 0.0049; Table 2 ). . When comparing specific prey items (by percent occurrence) to daily snow depth averaged by month, there were significant correlations between two winter prey items found in the coyote's diet: moose (r² = 0.693, df = 11, P = 0.040) and snowshoe hare (r² = -0.854, df = 11, P = 0.008). A positive correlation existed between snow depth and moose, such that as snow depth increased the occurrence of moose in the diet of coyotes increased. A negative correlation was shown between snow depth and snowshoe hare, such that as snow depth increased the occurrence of snowshoe hare in the diet of coyotes decreased. There was not sufficient data to determine if correlations existed between prey items in lynx winter diets and monthly snow depth.
Discussion

Coyote Food Habits
As expected, diversity indices indicated coyotes in our study area were generalist predators with high dietary diversity. Occurrence of snowshoe hare in coyote diets occurred primarily in the fall and rarely in the winter. The shift in occurrence of snowshoe hares we documented was similar to findings by O'Donoghue et al. (1998) who reported coyote predation on hares declined by 90% during January, February and March from higher levels observed in the fall. Staples (1995) found snowshoe hare occurrence in coyote scats was twice as prevalent during snow-free months. Our results showed occurrence of snowshoe hare remains in coyote scats to be at their lowest during the winter months, and occurrence of snowshoe hare in coyote scats decreased during winter months with deeper snow likely reflecting availability of other prey (e.g., ungulate carcasses) and decreased use of snowshoe hare (Figure 2) . In regards to percent occurrence of winter prey, our findings were similar to Kolbe et al. (2007) who found cervids to be the primary prey item detected through scat analysis and coyotes rarely preyed on snowshoe hare during the winter near Seeley Lake, Montana. Our results differ from other studies conducted in nearby areas, but these studies were all conducted at lower elevations and prior to wolf recovery. Coyote diet studies conducted near Togwotee, including those in Jackson Hole (Murie, 1935 , Weaver 1977 , Wigglesworth 2000 , Grand Teton National Park (Murie 1935) , and Yellowstone National Park (Murie 1940) , reported elk and voles to be the highest occurring prey items in coyote scats. The high occurrence of mule deer and moose in our analysis suggests a difference in the availability of those species in the study area during winter from 2006 through 2008. Whether the higher occurrence of mule deer and moose in our dietary analysis are the result of direct predation of weakened animals impacted by harsh winter conditions or scavenging events from wolf kills is unknown. Coyotes have been shown to be more successful at killing ungulates in deep snow (Ozoga and Harger 1966, Gese and Grothe 1995) . Although wolves have recently established in the area, the effects of a trophic cascade in the higher elevations of this region have not been documented. During the study, coyotes were documented scavenging on wolf kills of elk and moose on several occasions.
The high occurrence of mule deer may reflect niche relationships between coyotes and wolves, snow depth, and/or proximity to elk feeding grounds. During the winter, the majority of elk that summer on Togwotee Pass migrate to feeding grounds outside the study area. Therefore, during the winter, fewer elk remain in deep snow habitats as an available food source, thereby limiting encounter rates within our coyote territories and leaving mule deer as the dominant ungulate species available. In northwestern Montana, Arjo (1998) found that during winter, scats from coyotes residing inside wolf territories contained more deer and lagomorphs than coyotes found outside wolf territories shortly after wolf colonization. Arjo (1998) speculated this could have resulted from increased coyote group sizes in the study area compared to previous years, which would have enabled them to hunt as a pack rather than individually.
Coyotes have demonstrated prey switching when one resource becomes depleted (Bartel and Knowlton 2004, Patterson et al. 1998) . Prey switching may explain the importance of whitebark pine seeds during the winter of 2006-2007 when it accounted for 33% of winter occurrences, whereas in the winter of 2007-2008 it accounted for only 7%. The only substantial difference in prey occurrence during those same winters was the occurrence of snowshoe hares, which nearly doubled in the year that whitebark pine seeds occurred less frequently. Being a low snow year (2006) (2007) , possibly coyotes were able to more readily access whitebark pine seed caches made by red squirrels than during the following year when deep snow might have prohibited them from excavating caches. Use of whitebark pine seeds by coyotes has not been previously documented, whereas grizzly bears rely on whitebark pine seeds (Kendall 1983, Mattson and Jonkel 1990) .
In northwestern Montana, Kolbe et al. (2007) found snowshoe hares composed only a small proportion of winter diets of coyotes, and concluded there was a lack of exploitation competition between coyotes and lynx during winter. Our results were similar with regards to the proportion of snowshoe hare found in the winter diet of coyotes. However, in our study area elevated occurrences of snowshoe hare in coyote diet during the fall and spring suggest those may be more critical times for potential exploitation competition between coyotes and lynx, especially in areas where snowshoe hare abundance is low. As competition is a reflection of prey abundance and diet breadth, measuring prey abundance and assessing snowshoe hare population status would be important considerations when exploring potential competition in the future. Another factor to consider is differences in predator dynamics between the two study areas. When comparing carnivore track surveys, while Kolbe et al. (2007) documented relatively few coyotes in their study area (0.67 coyotes/km) and an abundance of lynx (0.35/km), we documented an abundance of coyotes (2.88 coyotes/km) and few lynx (0.02/km; Dowd 2010). Therefore, even though snowshoe hare only accounted for only 8% of overall coyote diet, the number of snowshoe hares consumed by the higher density of coyotes in our study area could be substantial.
Lynx Food Habits
Similar to studies on lynx in other parts of their southern range, lynx from our area showed a high occurrence of snowshoe hare in their winter diet (Koehler 1990 , Parker et al. 1983 , with low dietary diversity during winter . This supports conclusions by Aubry et al. (2000) who suggested that regardless of geographic location, snowshoe hare are the dominant prey item for lynx. Aubry et al. (2000) also suggested a dominant occurrence of snowshoe hare within lynx scat is independent of local hare population status, such that if hare populations are low, while dependency on alternate prey may increase, lynx will continue to show a dominant dependency on their major prey (characteristic of their specialist nature).
Our data lacked adequate sample size of scats during all the seasons, other than winter, to determine seasonal shifts in lynx dietary diversity. In the southern Canadian Rockies, one study documented 52% snowshoe hare and 30% red squirrel in lynx diets during the winter (frequency of occurrence), by investigating kill sites found during snow tracking (Apps 2000) . Regardless, studies on lynx diet using scat analysis have shown winter as the season when lynx prey most heavily on snowshoe hare likely due to limited availability of alternate prey species . Whether located in core habitats where conditions are ideal or on the outer periphery of suitable habitat, results continue to reveal this pattern .
Fluctuations in the snowshoe hare cycle could alter lynx dependence on alternate prey items and shifts in seasonal dietary diversity, bringing about additional stress or increased competition. Unfortunately, evidence of any long-term cycle of snowshoe hares near Togwotee Pass is unknown. Similar to Squires and Ruggiero (2007) , we found that although lynx may prey on alternate prey species, such as red squirrels, to supplement their diet, snowshoe hares continue to be the predominant food.
Dietary Overlap
Our data suggest that during the winter months there is little dietary overlap between coyotes and lynx in northwestern Wyoming. Exploitation competition between coyotes and lynx is difficult to ascertain without direct observations of interactions, or recording species responses to manipulated conditions in a controlled environment. The ability to classify competition between coyotes and lynx in a natural setting can only be achieved by identifying specific variables to determine the degree of overlap in resource utilization, thereby implicating whether coyotes could be detrimental to local lynx populations. Unfortunately, because coyotes are so adaptable and change their feeding habits depending on local conditions, determining cause and effect relationships are more likely dependent on annual fluctuations in prey. Several variables should be considered when determining whether competition is truly occurring and outcomes resulting from that competition. In our area, understanding how wolves will influence the system, what trophic cascades will occur, how snow compaction influences prey availability and coyote feeding behaviors, and documenting snowshoe hare population trends would assist in determining the long-term future viability of lynx populations in northwestern Wyoming. The increased presence of wolves may have a potentially positive effect on lynx numbers, as wolf presence may reduce the number of coyotes (Berger and Gese 2007) . Although most researchers argue direct competition between wolves and lynx is unlikely due to variation in size and niche requirements, field personnel documented wolves chasing a lynx near Togwotee Pass. As of yet, there is little evidence to suggest either positive or negative impacts on lynx resulting from wolf establishment in the area.
Conclusion
Our results indicate coyotes were not competing with lynx for food during the winter months in northwestern Wyoming from August 2006 through June 2008. Coyotes did persist in high elevations through the winter despite deep snow, and because coyotes have been shown to prey switch and alter their behaviors due to shifts in local dynamics (as demonstrated in their use of whitebark pine seeds), the possibility of future dietary overlap occurring in the winter should not be ruled out. Additionally, further information is needed to determine if dietary overlap is occurring between coyotes and lynx during the fall, and if other types of competition are occurring (e.g., spatial or temporal avoidance, direct mortality). Evidence of avoidance behaviors by lynx or interference competition could be detrimental to lynx populations and require management actions. Future research efforts should focus on determining whether resource overlap is occurring between coyotes and lynx by investigating lynx habitat use compared to coyote presence and prey abundance. We also suggest continued monitoring of coyote diets and coyote habitat use in high elevation terrains to detect dietary shifts, determine changes to the ecosystem, and determine if future management changes are needed in core lynx areas for lynx population persistence.
